Invasion of an alien freshwater crayfish is newly confirmed in Madagascar. The invasive crayfish is determined as the parthenogenetic Marmorkrebs (marbled crayfish) (Cambaridae: Decapoda) on the basis of morphological features and the fact that all collected specimens were females regardless of their size. As this is a worrisome finding, the public should be alerted so that spread on the island can be prevented before it affects the vulnerable native crayfish biodiversity and the rice field business in Madagascar.
INTRODUCTION
In 2007, two of the authors (FR, SM) collected a number of specimens of an introduced crayfish from rivers in Madagascar that at first sight significantly differed from the seven species of Astacoides endemic to Madagascar (Jones et al., 2007) . This enigmatic crayfish is already widespread and sold in markets in and around Antananarivo, the capital of Madagascar. A preliminary examination of morphological characters suggested that the introduced Malagasy crayfish might be the so far undescribed Marmorkrebs (marbled crayfish) (Scholtz et al., 2003) . The Marmorkrebs was first discovered in the 1990s in German pet-shops and it is now exported to several countries including Japan, but has not until now been known in nature. Only females of this species are known, and no males are needed due to parthenogenetic reproduction (Scholtz et al., 2003; Martin et al., 2007; Vogt, 2008) .
Should this suggestion hold true, it would cause some serious concern due to the ecological characteristics of the Marmorkrebs, which might pose a serious threat to the endemic genus Astacoides. Malagasy endemic crayfish are considered as Gondwana relics (Scholtz, 2002) , and they are the only representatives of freshwater crayfish in Africa. It is evident that the Malagasy species are very vulnerable to extinction as the status of the seven species of Astacoides has been recognized as highly endangered mainly due to a relatively slow rate of reproduction, exploitation by humans, predation by introduced species of fish, and loss of habitat (Jones et al., 2007) . In addition, it is likely that, as is the case for other parastacid species, Astacoides are not immune to the crayfish plague Aphanomyces astaci.
The Marmorkrebs is the only parthenogenetic decapod crustacean known to date (Scholtz et al., 2003) . However, its taxonomic status and origin are not yet clarified. Morphological and molecular data have suggested its close affinity to two species of Procambarus occurring in Florida, P. fallax (Hagen, 1870) and P. alleni (Faxon, 1884) , (Scholtz et al., 2003; Vogt, 2008) . Due to its potential to colonize rivers and lakes by building up a population starting from just one individual, its high rate of reproduction, and the potential to transmit the crayfish plague and other diseases, it has been considered a menace to the endangered European species of crayfish. However, so far, we only know of one reliable report of Marmorkrebs specimens found in the wild in central Europe (Martens et al., 2004) . The situation in Madagascar is quite different, since the foreign species already occurs in high numbers. The identity and ecology of this invasive taxon are poorly understood in Madagascar and elsewhere. This has led to the study herein of its external characteristics and gut contents.
While this manuscript was being prepared, Jones et al. (2008) published an account of a molecular study identifying crayfish specimens collected in Madagascar as Marmorkrebs. Nevertheless, we feel it is appropriate to publish our morphological results, since 1) they support the molecular data, and 2) our description may serve as a tool for the identification of Marmorkrebs in the wild in Madagascar and elsewhere.
MATERIALS AND METHODS

Specimens Examined
On 24 February and 11 April 2007, a total of 28 individual alien crayfish were collected from the Ikopa and Ampasimbe River systems, Nanbola, 47u359E and 18u569W, eastern Tana, Antananarivo, with a postorbital carapace length (POCL) of 9.5-30.0 mm (mean 16.9 6 9.5SD). Detailed JOURNAL OF CRUSTACEAN BIOLOGY, 29(4): 562-567, 2009 measurements were taken from 8 individuals ranging from 20.1 mm to 30.0 mm in POCL.
Measurements of crayfish structures were made to the nearest 0.1 mm with a precision dial caliper and a stereomicroscope following the methods of Hobbs et al. (1977: 3) . The abbreviations used in the text are CBM, Natural History Museum and Institute, Chiba; POCL, postorbital carapace length; TCL, total carapace length.
RESULTS
Description (see Table 1 ) Cephalothorax (Fig. 1A, B ) becoming wider posteriorly (maximum width, 1.1 times depth) (range, 1.0-1.2; mean 5 1.1 6 0.1, n 5 8), dorsal and dorsolateral portions of carapace punctuate, lateral surface granulate; cephalic section laterally armed with small to moderate tubercles, gastric region with scattered small punctuations. Areola 4.1 (2.6-4.8, 3.8 6 0.6, n 5 8) times as long as wide, constituting 33.1% (29.3-37.0, mean 5 33.8 6 2.6, n 5 6) of TCL (43.7% of POCL) (40.6-48.2, mean 5 44.2 6 2.6, n 5 8), with small punctuations. Rostrum with moderately elevated and slightly thickened margins converging acutely to base, latter having small marginal tubercle; margins more strongly converging and moderately concave to dorsally directed apical tubercle, tip of which extends slightly beyond cephalic to distal margin of penultimate podomere of antennular peduncle; acumen comprising 21.7% (21.7-27.4, mean 5 24.5 6 2.7, n 5 7) of rostral length, latter constituting 26.8% (25.1-32.8, mean 5 28.3 6 2.6, n 5 8) of TCL; floor (dorsal surface) of rostrum with small punctuations on caudal half; ventral keel of rostrum lacking setae, tubercle, or spine; median carina absent. Postorbital ridge moderately developed dorsally, dorsolateral groove present; caudal end inflated, cephalic margin with acute spine. Suborbital angle not acute; branchiostegal spine acute. Cervical groove uninterrupted, ventral margin of cephalic portion with small tubercles; acute cervical spine present at each side of carapace. Pleon longer than carapace; pleuron with rounded ventral margin.
Antennal scale (Fig. 1C) 2.6 (2.3-2.9, mean 5 2.6 6 0.2, n 5 8) times as long as broad, widest at mid-length, reaching or slightly extending to distal margin of ultimate podomere of antennular peduncle; lateral margin thickened and terminating in small spine; lamella approximately 2 times as wide as thickened lateral portion, mesial margin rounded. Antennal peduncle with spine on ischium. Antenna longer than body.
Epistome ( Fig. 1G ) with wide circular cephalic lobe bearing small cephalo-median projection; lateral margins of lobe thickened, slightly elevated ventrally; floor (ventral surface) of lobe plane lacking setae; lamellae plane with truncate lateral corners; central depression of body narrow, fovea very weak; zygoma slightly arched, cephalolateral margins flanked by usual pits.
Third maxilliped ( Fig. 1D ) with tip of endopod extending to distal margin of penultimate podomere of antennal peduncle; basal podomere of exopod very hirsute, tip extending to distal margin of merus of endopod; distolateral corner of ischium subacutely produced; ventral surface moderately punctuate, lacking conspicuous mat of long plumose setae.
Chela 2.0 (1.7-2.1, mean 5 1.9 6 0.2, n 5 8) times shorter than TCL; palm (Fig. 1E ) elongated, 1.3 (1.2-1.4, mean 5 1.3 6 0.1, n 5 8) times longer than wide, 1.5 (1.4-1.8, mean 5 1.5 6 0.1, n 5 8) times wider than deep; dorsal surface of palm punctuate, all area with tufted setal punctuations; medial surface with medial-most row of usually 8 tubercles, sometimes 7 or 10; lateral surface of palm moderately rounded, with tufted setal punctuations; ventral surface of palm with fewer and smaller tufted setal punctuations than those of dorsal surface. Dactyl of chelae 1.3 (1.2-1.4, mean 5 1.3 6 0.1, n 5 8) times as long as palm as measured along medial margin; dorsal surface with low, rounded ridge flanked by row of spaced, tufted setal punctuations. Basis of cheliped (Fig. 1F) without medial spine.
Annulus ventralis (Fig. 1H ) symmetrical, somewhat bellshaped in outline, about 1.7 times as wide as long; cephalic sternum to annulus ventralis lacking projections or tubercles, with ventrally elevated cephalic region bisected by narrow trough leading caudally into median depression; caudal half thick, flanked each side by S-shaped, strongly elevated sinus; postannular sclerite slightly narrower than annulus, laterally elongated, not in contact with annulus; first pleopod present.
Color in Life
Carapace dark brown ( Fig. 2A) dorsally with marble pattern and median longitudinal stripe of light cream-tan extending from rostrum to caudal margin; lateral area of cephalon with oblique black stripe, flanked dorsally and ventrally by narrow cream lines, extending from antennal region through ventral hepatic area, cream spot present immediately dorsal to cervical spine. Pleon with median longitudinal broad brown stripe, flanked laterally by series of dark, oblique splotches situated anteriorly, each on first through fifth terga; pleura of second through sixth pleomeres delimited basally by ventrally convex black marks forming scalloped line.
Telson and uropods olive tan with brown mottling. Chelipeds olive to brown mottled with dark brown tubercles. Dorsal portion of body often blue in color (Fig. 2B) . Marble pattern of carapace basically black in specimens preserved in alcohol (Figs. 1A, B, 2A) . 
Sex and Gut Contents
We determined the sex of all 28 individuals by looking at the externally visible sexual organs. All specimens showed the characteristic opening of oviduct (female gonopore) at the coxae of the third pereiopods, and none displayed any male characters. We dissected 10 specimens (mean POCL 14.6 mm 6 4.7 SD) to analyze the gut contents. The stomach of all individuals was mostly filled with vegetable substances.
DISCUSSION Taxonomic Status
The Marmorkrebs is characterized by its marble pattern on the carapace, and they are only parthenogenetic decapod crustacean known to date (Scholtz et al., 2003) . Specimens of the introduced species from Madagascar also have a marble pattern (Fig. 1A, B) . The body color and the exclusive occurrence of females strongly indicate that the invasive species in Madagascar is the parthenogenetic Marmorkrebs (Martens et al., 2004; Scholtz et al., 2003; Vogt, 2008) . The morphological characteristics and molecular data of the marbled crayfish have suggested a close affinity to Procambarus fallax distributed in North America (Scholtz et al., 2003) . However, the only strong statement we can make regarding the natural range of this taxon is that it probably originated in North America.
The specimens examined in this study more closely resemble Procambarus fallax than P. alleni (Table 2 ). In contrast, Jones et al. (2008) found a very close molecular affinity between P. alleni and Marmorkrebs, but these authors did not include P. fallax in their analysis. Hobbs (1981) lists the following characters for P. fallax: rostrum lacking median carina; lateral half of ventral surface of ischium of third maxilliped lacking conspicuous mat of long plumose setae; annulus ventralis sub-campanulate in outline, with ventrally elevated cephalic region bisected by narrow trough leading caudally into median depression or s-shaped sinus, and postannular sclerite slightly narrower than annulus. Carapace basically darkbrown dorsally, with median longitudinal stripe of light cream-tan extending from rostrum to caudal margin; cephalolateral area with oblique red stripe, flanked dorsally and ventrally by narrow cream lines; pleon with brow, broad, median longitudinal stripe; prominent, irregular cream patches situated on carapace and each tergum; cheliped olive to brown, mottled with dark-brown from distal two-thirds of merus distally to corneous tips of fingers, tubercles and fingers very dark (Hobbs, 1981: 417-419) . All this is also typical for the specimens collected in Madagascar and the Marmorkrebs in general, suggesting a close affinity of P. fallax and the Marmorkrebs (Table 2) , although a proper identification of Procambarus basically relies on the reproductive organ of adult males (Hobbs, 1972) , and, therefore, we could not definitely conclude that the Marmorkrebs is identical to P. fallax.
Accordingly, the species identity of the Marmorkrebs, including the Malagasy population, remains an open question (see also Vogt, 2008) . Irrespective of this, we (Faxon, 1884) , and P. fallax (Hagen, 1870) . Source of data in Marmorkrebs from present study; P. alleni from Faxon, 1884; and Hobbs, 1942 ; P. fallax from Hagen, 1870; Hobbs, 1942 Hobbs, , 1982 provide an identification tool that can be easily used by the local people to discriminate the introduced Marmorkrebs from the endemic Astacoides. This might help to protect the valuable and endangered Malagasy crayfish fauna.
Conservation Perspective
Unfortunately, large populations of this problematic alien crayfish are already established in the Ikopa and the Ampasimbe River systems, which are harvested for human consumption (see also Jones et al., 2008) . Several alien crayfishes have had a serious impact on the indigenous crayfishes in Europe and Japan through competition of habitats and food, as well as pathogen transmission (Gherardi and Holdich, 1999; Nakata and Goshima, 2006) . The examination of the gut contents reveals that the animals feed on plant matter. This supports the concern expressed by Jones et al. (2008) that Marmorkrebs may indeed affect the rice agriculture in Madagascar. Alien cambarid crayfishes have proved to be an agricultural pest of rice fields worldwide (Gherardi and Holdich, 1999 ). Madagascar's economy depends largely on small-scale rice farming (Crandall, 2003; Minten et al., 2006) . Regrettably, many farmers, as well as authorities in Madagascar, are still unaware of the dangerous situation they are facing. On the contrary, they are promoting the introduction of the alien crayfish in various rivers of the island for additional income. Scientists worldwide should make every effort to save the island's native crayfishes from harm. Urgent action is warranted to stop the spread of the Marmorkrebs in Madagascar to prevent irreparable damage to the country's rice industry and unique biodiversity.
